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1.0       EXECUTIVE SUMMARY 

 
The Missouri Department of Natural Resources (MDNR) selected GlaxoSmithKline to conduct a rooftop 

solar design study at its St. Louis manufacturing facility.  This facility manufactures Tums tablets and Os-

Cal vitamin supplements as part of the Consumer Healthcare division.  The purpose of the study is to 

perform a detailed design analysis to include solar panel layout drawings, electrical one-line drawings, 

structural analysis, estimated energy output, and payback analysis.   

 

GlaxoSmithKline engaged in a multi-site solar bidding project analysis.  The site’s included facilities in 

St. Louis, Aiken, SC, Memphis, TN, and Zebulon, NC.  The solar vendors bidding on the projects were 

Southern Energy Management, Strata, and Tecta.  Southern Energy Management was selected as the 

winning bidder for each of the manufacturing facilities. 

 

This study was conducted in several phases starting in October 2010 and design completion in June 2011.  

The solar system proposed is a roof mounted, 74 KW which generates 95,700 KWh./year in year 1.  

Payback analysis shows 19 years.  Approximate area for the solar array is 10,000 sq. ft. 

 

 

 

 

 



Missouri Renewable Energy Study: Waste to Energy  Introduction 

 

Missouri Department of Natural Resources 1 GlaxoSmithKline 
  St. Louis, MO 

2.0      INTRODUCTION 

 

The MDNR selected GlaxoSmithKline to participate in the Energize Missouri Renewable Energy Study Subgrants 

program.  GlaxoSmithKline is investigating the feasibility of a roof top solar array as part of the energy and climate 

change reduction program.   

 

The solar panels chosen for this project area manufactured by REC Solar and were chosen due their 25 year warranty 

and Southern Energy Management’s recommendations.  The cells are multi-crystalline and are supported by the Sunlink 

mounting system.  Considerations given during the detailed design of the solar array were for shading of the panels in 

order to maximize energy output.  Drawing PV 5.0 (Appendix A) shows the shading involved with the proposed 

locations.  The stringing design on drawing PV 1.1 (Appendix A) was developed to minimize the effects of shading. 

 

This study will provide GlaxoSmithKline with the detailed design information to proceed with the installation of the 

design if the site determines it is economically feasible and/or aligns with the corporate sustainability objectives. 
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3.0      SITE PLANS 

 

3.1 CORPORATE SOLAR ENERGY REVIEW 

The facility has reviewed the solar payback analysis with GSK’s corporate energy team.  The payback is 

longer than desired, but there are other considerations for the project.  Renewable energy growth is a key 

GSK corporate objective, which this project will support. 

 

Recent discussions with corporate involve using the solar design to power equipment for selected brands.  

This has the potential to give marketing support to the brand as “Powered By The Sun”.  Further reviews 

are still needed in order to determine the project feasibility given the high costs.   

 

As with other technologies, costs will be reduced over time.  This will make this project more 

economically attractive in the future.   
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4.0      SUMMARY 

 

The solar panel design has several facets to consider.  This technology aligns with GSK’s corporate 

sustainability strategy for reduced carbon dioxide emissions.  Given the site’s relatively small array and 

multiple rooftops to support the solar panels, the payback was not as attractive as desired.   

 

Reviews with the corporate energy team are being pursued in order to determine next steps.  Future 

reviews are needed in order to agree on a plan.  Considerations being reviewed are GSK corporate 

responsibility for renewable energy, project costs with payback to GSK, technology cost reductions in the 

future, product brand promotion, the St. Louis’s facility community reputation, and the support of solar 

manufacturers. 



 

 

 

























SunLink Roof Mount System
Structural Engineering Load Advisory

The!following!information!pertains!to!the!proposed!SunLink!Roof!Mount!System!(RMS)!for!the!subject!project!only.!!It!is

intended!for!use!by!the!Engineer!of!Record!(EOR)!for!structural!adequacy!evaluation!of!the!building!supporting!the!array.

1.0!!GENERAL!PROJECT!INFORMATION

1.1 Customer SOUTHERN!ENERGY!MANAGEMENT

1.2 Building!/!Array!Owner GLAXO!SMITH!KLINE

1.3 Array!Location 320!SOUTH!BROADWAY,!SAINT!LOUIS,!MO!63012

1.4 Quote!Number 1003181

1.5 Sales!Order!Number n/a

2.0!!SITE!&!BUILDING!INFORMATION

Notes!/!Reference:

2.1 Building!Occupancy!Category II

2.2 Building!Roof!Height 50 ft

2.3 Roofing!Surface TPO

2.4 Maximum!Roof!Slope 8 %!

2.5 Basic!Wind!Speed!(3!sec!gust) 90 mph

2.6 Wind!Exposure!Category B

2.7 Wind!Site!Topographic!Effects None

2.8 Ground!Snow!Load pg!= 20 psf

2.9 Site!Latitude!|!Longitude!(deg) 38.622 | "90.191

2.10 Soil!Site!Class D

3.0!!ARRAY!CONFIGURATION!&!WEIGHT!(EXCLUDING!BALLAST)

Notes / Reference:

Note:

The!following!parameter!values!are!provided!to!SunLink!by!the!Customer.!!It!remains!the!responsibility of!the!Customer!

to!verify!with!the!Engineer!of!Record!and!with!the!Building!Official!that!these!values!are!appropriate!for!this!project,!and!

to!notify!SunLink!immediately!if!these!parameters!require!adjustment.!

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE

Notes!/!Reference:

3.1 Array!Layout!Drawing 1003181"GSKSAINTLOUIS"053111"ENG"R3

3.2 Sub"array(s) 1,!2,!3!&!5

3.3 Module!Manufacturer REC!Solar ! Per!Customer!(spec.!sheet!attached)

3.4 Module REC235PE

3.5 Module!Tilt!Angle 5 ° Per!Customer!&!layout!drawing!!!!!!!!!!!

3.6 Row!Spacing!Type Standard

3.7 Row!Repeat!Spacing 47.5 in

3.8 Number!of!Modules 224 Per!Customer!&!layout!drawing

3.9 Array!Planform!Area!!(pfa) 5002 ft
2

Roof!area!covered!by!array!

Per!Module Array!Total

3.10 Module!Area ft
2!

17.76 3,979 Per!attached!module!spec.!sheet

3.11 Module!Weight lb 39.60 8,870

3.12 SunLink!RMS!Weight lb 18.65 4,178

3.13 Array!Weight!(Modules!+!RMS) lb 58.25 13,048

3.14 Array!Weight!/!Planform!Area 2.61 psf =!wRMS

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE



SunLink Roof Mount System
Structural Engineering Load Advisory

4.0!DESIGN!PARAMETERS

Notes!/!Reference:

4.1 Wind

4.1.1 Air!Mass!Density!Constant 0.00256

4.1.2 Velocity!Press.!Exp.!Coefficient !Kz!= 0.81 ASCE!7"05!Table!6"3

4.1.3 Topographic!Factor Kzt!= 1 See!Line!2.3!above

4.1.4 Importance!Factor I!= 1.00 ASCE!7"05!!Table!6"1!based!on!Line!2.1!

4.1.5 Directionality!Factor Kd!= 0.85 ASCE!7"05!Table!6"4

4.1.6 Basic!Velocity!Pressure,!qh qh!= 14.3 psf ASCE!7"05!Equation!6.15

4.2 Snow

4.2.1 Exposure!Factor Ce!= 1.0 ASCE!7"05!Table!7"2

4.2.2 Thermal!Factor! Ct!= 1.2 ASCE!7"05!Table!7"3!(unheated)

4.2.3 Importance!Factor I!= 1.0 ASCE!7"05!Table!7"4

4.2.4 Flat!Roof!Snow!Load pf!!= 20.0 psf!=!0.7#Ce#Ct#I#pg!>!I#(pg!$!20!psf)!!!!!!ASCE!7"05!Eq.!7"1

4.2.5 Roof!Slope!Factor Cs!= 1.0 ASCE!7"05!Fig.!7"2!(obstructed)

4.2.6 Sloped!Roof!Snow!Load ps!!= 20.0 psf!=!Cs#pf ASCE!7"05!Eq.!7"2

Note:

Wind!pressures!on!the!SunLink!RMS!are determined!per!the!ASCE!7"05!Method!2!approach:!p!=!qhGCp Gust!effect!factors!

and!pressure!coefficients!have!been!determined!from!boundary!layer!wind!tunnel!testing!specific!to!the!SunLink!RMS.!!

The!testing!is!proprietary!to!SunLink,!and!the!resulting!coefficients!are!not!reported!here.!!The!testing!conforms!to!!ASCE!

7"05!Method!3!(Section!6.6).

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE
SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE
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5.0!!TILT!BRACKET!BEARING!LOADS!ON!ROOF!(NO!UPLIFT!RESISTANCE)

Notes!/!Reference:

5.1.1 Tilt!Bracket!(TB)!Bearing!Width 11.00 in

5.1.2 Tilt!Bracket!(TB)!Length 15.50 in

5.1.3 Tilt!Bracket!(TB)!Bearing!Area 1.18 ft
2

Dead!Load

3x1!panels 4x1!panels

5.2.1 Interior!TB!Reaction lb 88 114 D

5.2.2 Bearing!Pressure!on!Roof psf 74 96 Assuming!uniform!bearing!under!TB

5.2.3 Factored!Interior!TB!Reaction lb 123 160 ASCE!7!Section!2.3.2!Eq.!1:!!!1.4#D

5.2.4 Bearing!Pressure!on!Roof psf 104 135 Assuming!uniform!bearing!under!TB

Wind

Maximum!Tilt!Bracket!Reactions

Wind!Load!Only 3x1!panels 4x1!panels

5.3.1 Wind!Downward!Force lb 273 318 Wmax

Combined!Wind!&!Dead!Loads

5.3.2 Interior!TB!Reaction lb 542 646 ASCE!7!Section!2.3.2!Eq.!4:!!!1.2#D!+!1.6#Wmax

5.3.3 Bearing!Pressure!on!Roof psf 458 546 Assuming!uniform!bearing!under!TB

Average!Tilt!Bracket!Reactions

5.3.4 No.!of!Adjacent!TB's!Required: 7 5

Wind!Load!Only:

5.3.5 Wind!Downward!Force lb 68 91 W

Combined!Wind!&!Dead!Loads

5.3.6 Interior!TB!Reaction lb 214 282 ASCE!7!Section!2.3.2!Eq.!4:!!!1.2#D!+!1.6#W

5.3.7 Bearing!Pressure!on!Roof psf 181 238 Assuming!uniform!bearing!under!TB

If!the!number!of!adjacent!TB's!is!less!than!this,!use!linear!

interpolation!between!Lines!5.3.2!and!5.3.6.

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE

5.3.7 Bearing!Pressure!on!Roof psf 181 238 Assuming!uniform!bearing!under!TB

Note:

Design!wind!pressure!acting!on!the!modules!decreases!as!the!amount!of!module!area!that!the!wind!is!acting!on!

increases.

If!a!structural!roof!element!is!supporting!just!one!tilt!bracket!(such!as!decking,!perhaps),!it!should!be!checked!for!the!

wind!downward!load!in!Line!5.3.1!acting!at!the!tilt!bracket!location.

If!a!structural!roof!element!is!supporting!at!least!the!number!of!tilt!brackets!shown!in!Line!5.3.4!(such!as!a!roof!joist,!

beam,!or!girder)!it!should!be!checked!for!the!wind!downward!load!in!Line!5.3.5!acting!at!each!of!the!tilt!bracket!

locations.

If!a!structural!roof!element!is!supporting!more!than!one!tilt!bracket,!but!less!than!the!number!of!tilt!brackets!shown!in!

Line!5.3.4, linear!interpolation!can!be!used!to!determine!the!downward!load!at!each!tilt!bracket,!as!stated!in!the!notes!

on!Line!5.3.4.

Once!the!wind!load!has!been!determined!by!the!above!method,!the!structural!roof!element!should!be!checked!for!!

combined!wind!&!dead!loads.

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE
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Snow

Snow!Load!Only 3x1!panels 4x1!panels

5.4.1 Snow!Load lb 531 708 S

Combined!Snow,!Wind,!Dead!Loads

Maximum!Tilt!Bracket!Reactions

5.4.2 Interior!TB!Reaction lb 1173 1524 ASCE!7!Section!2.3.2!Eq.!3:!!!1.2#D!+!1.6#S!+!0.8#Wmax

5.4.3 Bearing!Pressure!on!Roof psf 991 1287 Assuming!uniform!bearing!under!TB

5.4.4 Interior!TB!Reaction lb 808 1000 ASCE!7!Section!2.3.2!Eq.!4:!!!1.2#D!+!1.6#Wmax!+!0.5#S

5.4.5 Bearing!Pressure!on!Roof psf 682 845 Assuming!uniform!bearing!under!TB

Average!Tilt!Bracket!Reactions

5.4.6 Interior!TB!Reaction lb 1009 1342 ASCE!7!Section!2.3.2!Eq.!3:!!!1.2#D!+!1.6#S!+!0.8#W

5.4.7 Bearing!Pressure!on!Roof psf 852 1133 Assuming!uniform!bearing!under!TB

5.4.8 Interior!TB!Reaction lb 479 636 ASCE!7!Section!2.3.2!Eq.!4:!!!1.2#D!+!1.6#W!+!0.5#S

5.4.9 Bearing!Pressure!on!Roof psf 405 537 Assuming!uniform!bearing!under!TB

6.0!!BALLAST!PAN!CONFIGURATION

Notes!/!Reference:

6.1 Ballast!block!weight 24 lbs See!Note!1!below

6.2 Coefficient!of!friction µ!= 0.47 See!Note!2!below

Ballast!Pan!Type Type!I Type!II Type!III

6.3 Ballast!pan!self"weight 2.6 5.2 0

6.4 No.!of!ballast!blocks!/!pan 6 10 0

6.5 Total!weight!/!pan!WBP!= lbs 146.6 245.2 0

6.6 Ballast!pan!dimension!'A' in 27.3 27.3 n/a

6.7 Ballast!pan!dimension!'B' in 12 12 n/a

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE

6.7 Ballast!pan!dimension! B in 12 12 n/a

6.8 Ballast!pan!dimension!'C' in 12 24 n/a

6.9 Bearing!pressure!under!ballast psf 73.3 61.3 n/a

(assuming!uniform!ballast!block!stacking)

Notes:

1.!

2.! Customer!/!EOR!!to!notify!SunLink!if!a!different!

friction!coefficient!should!be!used.!

Ballast!assumed!to!be!12!x!12!nominal!blocks!

(pavers)!equally!distributed!on!both!sides!of!

ballast!pan.!Cross!tie!wires!are!!required!unless!

blocks!are!adhered!to!the!pan!and!to!each!other!

with!a!suitable!waterproof!adhesive.!!If!blocks!

used!are!a!different!nominal!size!or!are!a!

different!weight!than!assumed!here,!notify!

SunLink.

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE
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7.0!!SUB"ARRAY!TABLE

ITEM units EQUATION SUB"ARRAY

Sub"array 1 2 3 5 Totals

Number!of!modules 56 70 56 42 224

Planform!area sf pfa 1234 1542 1256 970 5002

Unballasted!weight lb D!=!wRMS#pfa 3219 4024 3276 2529 13048

Module!area sf 995 1243 995 746 3979

South!slope!angle deg % 4.74 4.74 4.74 4.74

Wind!load!:

Wind!load lb W 2554 3192 2554 1915

Total!lift lb WL!=!W#cos(tilt) 2544 3180 2544 1908

Total!drag lb WD=W#sin(tilt) 223 278 223 167

Array!weight:

Slope!Factor lb K=cos(%)!"!sin(%)!/!& 0.82 0.82 0.82 0.82

Weight!required!for!lift lb DL!=WL!/(0.6!cos(%)) 4256 5320 4256 3192

Weight!required!for!drag lb DD!=DMIN!"!DL 1873 2341 1873 1404

Minimum!weight!required lb DMIN!=!!WD!/(0.6#&#K)!+!WL!/(0.6#K) 6129 7661 6129 4596

Ballast:

Minimum!ballast!required lb BMIN!!=!DMIN!"!D 2910 3637 2852 2067

Number!of!Type!I!ballast!pans NI 16 18 16 12 62

Number!of!Type!II!ballast!pans NII 4 7 8 7 26

Number!of!Type!III!ballast!pans NIII

Total!number!of!ballast!pans N!=!'Ni 20 25 24 19 88

Ballast!weight lb BT!=!'Ni#WBPi 3326 4355 4307 3476 15464

Total!weight lb DT!=!D!+!BT 6545 8379 7584 6005 28513

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE

Dist.!Weight!/!pfa psf wsa!=!DT!/!pfa 5.30 5.43 6.04 6.19 5.70

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE
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The!following!information!pertains!to!the!proposed!SunLink!Roof!Mount!System!(RMS)!for!the!subject!project!only.!!It!is

intended!for!use!by!the!Engineer!of!Record!(EOR)!for!structural!adequacy!evaluation!of!the!building!supporting!the!array.

1.0!!GENERAL!PROJECT!INFORMATION

1.1 Customer SOUTHERN!ENERGY!MANAGEMENT

1.2 Building!/!Array!Owner GLAXO!SMITH!KLINE

1.3 Array!Location 320!SOUTH!BROADWAY,!SAINT!LOUIS,!MO!63012

1.4 Quote!Number 1003181

1.5 Sales!Order!Number n/a

2.0!!SITE!&!BUILDING!INFORMATION

Notes!/!Reference:

2.1 Building!Occupancy!Category II

2.2 Building!Roof!Height 80 ft

2.3 Roofing!Surface TPO

2.4 Maximum!Roof!Slope 8 %!

2.5 Basic!Wind!Speed!(3!sec!gust) 90 mph

2.6 Wind!Exposure!Category B

2.7 Wind!Site!Topographic!Effects None

2.8 Ground!Snow!Load pg!= 20 psf

2.9 Site!Latitude!|!Longitude!(deg) 38.622 | "90.191

2.10 Soil!Site!Class D

3.0!!ARRAY!CONFIGURATION!&!WEIGHT!(EXCLUDING!BALLAST)

Notes / Reference:

Note:

The!following!parameter!values!are!provided!to!SunLink!by!the!Customer.!!It!remains!the!responsibility of!the!Customer!

to!verify!with!the!Engineer!of!Record!and!with!the!Building!Official!that!these!values!are!appropriate!for!this!project,!and!

to!notify!SunLink!immediately!if!these!parameters!require!adjustment.!

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE

Notes!/!Reference:

3.1 Array!Layout!Drawing 1003181"GSKSAINTLOUIS"053111"ENG"R3

3.2 Sub"array(s) 4

3.3 Module!Manufacturer REC!Solar ! Per!Customer!(spec.!sheet!attached)

3.4 Module REC235PE

3.5 Module!Tilt!Angle 5 ° Per!Customer!&!layout!drawing!!!!!!!!!!!

3.6 Row!Spacing!Type Standard

3.7 Row!Repeat!Spacing 47.5 in

3.8 Number!of!Modules 84 Per!Customer!&!layout!drawing

3.9 Array!Planform!Area!!(pfa) 1939 ft
2

Roof!area!covered!by!array!

Per!Module Array!Total

3.10 Module!Area ft
2!

17.76 1,492 Per!attached!module!spec.!sheet

3.11 Module!Weight lb 39.60 3,326

3.12 SunLink!RMS!Weight lb 18.81 1,580

3.13 Array!Weight!(Modules!+!RMS) lb 58.41 4,906

3.14 Array!Weight!/!Planform!Area 2.53 psf =!wRMS

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE
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4.0!DESIGN!PARAMETERS

Notes!/!Reference:

4.1 Wind

4.1.1 Air!Mass!Density!Constant 0.00256

4.1.2 Velocity!Press.!Exp.!Coefficient !Kz!= 0.93 ASCE!7"05!Table!6"3

4.1.3 Topographic!Factor Kzt!= 1 See!Line!2.3!above

4.1.4 Importance!Factor I!= 1.00 ASCE!7"05!!Table!6"1!based!on!Line!2.1!

4.1.5 Directionality!Factor Kd!= 0.85 ASCE!7"05!Table!6"4

4.1.6 Basic!Velocity!Pressure,!qh qh!= 16.3 psf ASCE!7"05!Equation!6.15

4.2 Snow

4.2.1 Exposure!Factor Ce!= 1.0 ASCE!7"05!Table!7"2

4.2.2 Thermal!Factor! Ct!= 1.2 ASCE!7"05!Table!7"3!(unheated)

4.2.3 Importance!Factor I!= 1.0 ASCE!7"05!Table!7"4

4.2.4 Flat!Roof!Snow!Load pf!!= 20.0 psf!=!0.7#Ce#Ct#I#pg!>!I#(pg!$!20!psf)!!!!!!ASCE!7"05!Eq.!7"1

4.2.5 Roof!Slope!Factor Cs!= 1.0 ASCE!7"05!Fig.!7"2!(obstructed)

4.2.6 Sloped!Roof!Snow!Load ps!!= 20.0 psf!=!Cs#pf ASCE!7"05!Eq.!7"2

Note:

Wind!pressures!on!the!SunLink!RMS!are determined!per!the!ASCE!7"05!Method!2!approach:!p!=!qhGCp Gust!effect!factors!

and!pressure!coefficients!have!been!determined!from!boundary!layer!wind!tunnel!testing!specific!to!the!SunLink!RMS.!!

The!testing!is!proprietary!to!SunLink,!and!the!resulting!coefficients!are!not!reported!here.!!The!testing!conforms!to!!ASCE!

7"05!Method!3!(Section!6.6).

SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE
SunLink Corporation 
Proprietary & Confidential  5/31/20111003181!GLAXO!SMITH!KLINE
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5.0!!TILT!BRACKET!BEARING!LOADS!ON!ROOF!(NO!UPLIFT!RESISTANCE)

Notes!/!Reference:

5.1.1 Tilt!Bracket!(TB)!Bearing!Width 11.00 in

5.1.2 Tilt!Bracket!(TB)!Length 15.50 in

5.1.3 Tilt!Bracket!(TB)!Bearing!Area 1.18 ft
2

Dead!Load

3x1!panels 4x1!panels

5.2.1 Interior!TB!Reaction lb 88 114 D

5.2.2 Bearing!Pressure!on!Roof psf 74 96 Assuming!uniform!bearing!under!TB

5.2.3 Factored!Interior!TB!Reaction lb 123 160 ASCE!7!Section!2.3.2!Eq.!1:!!!1.4#D

5.2.4 Bearing!Pressure!on!Roof psf 104 135 Assuming!uniform!bearing!under!TB

Wind

Maximum!Tilt!Bracket!Reactions

Wind!Load!Only 3x1!panels 4x1!panels

5.3.1 Wind!Downward!Force lb 313 364 Wmax

Combined!Wind!&!Dead!Loads

5.3.2 Interior!TB!Reaction lb 605 719 ASCE!7!Section!2.3.2!Eq.!4:!!!1.2#D!+!1.6#Wmax

5.3.3 Bearing!Pressure!on!Roof psf 511 607 Assuming!uniform!bearing!under!TB

Average!Tilt!Bracket!Reactions

5.3.4 No.!of!Adjacent!TB's!Required: 7 5

Wind!Load!Only:

5.3.5 Wind!Downward!Force lb 78 104 W

Combined!Wind!&!Dead!Loads

5.3.6 Interior!TB!Reaction lb 230 303 ASCE!7!Section!2.3.2!Eq.!4:!!!1.2#D!+!1.6#W

5.3.7 Bearing!Pressure!on!Roof psf 194 256 Assuming!uniform!bearing!under!TB

If!the!number!of!adjacent!TB's!is!less!than!this,!use!linear!

interpolation!between!Lines!5.3.2!and!5.3.6.
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5.3.7 Bearing!Pressure!on!Roof psf 194 256 Assuming!uniform!bearing!under!TB

Note:

Design!wind!pressure!acting!on!the!modules!decreases!as!the!amount!of!module!area!that!the!wind!is!acting!on!

increases.

If!a!structural!roof!element!is!supporting!just!one!tilt!bracket!(such!as!decking,!perhaps),!it!should!be!checked!for!the!

wind!downward!load!in!Line!5.3.1!acting!at!the!tilt!bracket!location.

If!a!structural!roof!element!is!supporting!at!least!the!number!of!tilt!brackets!shown!in!Line!5.3.4!(such!as!a!roof!joist,!

beam,!or!girder)!it!should!be!checked!for!the!wind!downward!load!in!Line!5.3.5!acting!at!each!of!the!tilt!bracket!

locations.

If!a!structural!roof!element!is!supporting!more!than!one!tilt!bracket,!but!less!than!the!number!of!tilt!brackets!shown!in!

Line!5.3.4, linear!interpolation!can!be!used!to!determine!the!downward!load!at!each!tilt!bracket,!as!stated!in!the!notes!

on!Line!5.3.4.

Once!the!wind!load!has!been!determined!by!the!above!method,!the!structural!roof!element!should!be!checked!for!!

combined!wind!&!dead!loads.
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Snow

Snow!Load!Only 3x1!panels 4x1!panels

5.4.1 Snow!Load lb 531 708 S

Combined!Snow,!Wind,!Dead!Loads

Maximum!Tilt!Bracket!Reactions

5.4.2 Interior!TB!Reaction lb 1204 1561 ASCE!7!Section!2.3.2!Eq.!3:!!!1.2#D!+!1.6#S!+!0.8#Wmax

5.4.3 Bearing!Pressure!on!Roof psf 1017 1318 Assuming!uniform!bearing!under!TB

5.4.4 Interior!TB!Reaction lb 871 1073 ASCE!7!Section!2.3.2!Eq.!4:!!!1.2#D!+!1.6#Wmax!+!0.5#S

5.4.5 Bearing!Pressure!on!Roof psf 735 906 Assuming!uniform!bearing!under!TB

Average!Tilt!Bracket!Reactions

5.4.6 Interior!TB!Reaction lb 1017 1352 ASCE!7!Section!2.3.2!Eq.!3:!!!1.2#D!+!1.6#S!+!0.8#W

5.4.7 Bearing!Pressure!on!Roof psf 859 1142 Assuming!uniform!bearing!under!TB

5.4.8 Interior!TB!Reaction lb 495 657 ASCE!7!Section!2.3.2!Eq.!4:!!!1.2#D!+!1.6#W!+!0.5#S

5.4.9 Bearing!Pressure!on!Roof psf 418 555 Assuming!uniform!bearing!under!TB

6.0!!BALLAST!PAN!CONFIGURATION

Notes!/!Reference:

6.1 Ballast!block!weight 24 lbs See!Note!1!below

6.2 Coefficient!of!friction µ!= 0.47 See!Note!2!below

Ballast!Pan!Type Type!I Type!II Type!III

6.3 Ballast!pan!self"weight 2.6 5.2 0

6.4 No.!of!ballast!blocks!/!pan 6 10 0

6.5 Total!weight!/!pan!WBP!= lbs 146.6 245.2 0

6.6 Ballast!pan!dimension!'A' in 27.3 27.3 n/a

6.7 Ballast!pan!dimension!'B' in 12 12 n/a
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6.7 Ballast!pan!dimension! B in 12 12 n/a

6.8 Ballast!pan!dimension!'C' in 12 24 n/a

6.9 Bearing!pressure!under!ballast psf 73.3 61.3 n/a

(assuming!uniform!ballast!block!stacking)

Notes:

1.!

2.! Customer!/!EOR!!to!notify!SunLink!if!a!different!

friction!coefficient!should!be!used.!

Ballast!assumed!to!be!12!x!12!nominal!blocks!

(pavers)!equally!distributed!on!both!sides!of!

ballast!pan.!Cross!tie!wires!are!!required!unless!

blocks!are!adhered!to!the!pan!and!to!each!other!

with!a!suitable!waterproof!adhesive.!!If!blocks!

used!are!a!different!nominal!size!or!are!a!

different!weight!than!assumed!here,!notify!

SunLink.
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7.0!!SUB"ARRAY!TABLE

ITEM units EQUATION SUB"ARRAY

Sub"array 4 Totals

Number!of!modules 84 84

Planform!area sf pfa 1939 1939

Unballasted!weight lb D!=!wRMS#pfa 4906 4906

Module!area sf 1492 1492

South!slope!angle deg % 4.74

Wind!load!:

Wind!load lb W 4381

Total!lift lb WL!=!W#cos(tilt) 4364

Total!drag lb WD=W#sin(tilt) 382

Array!weight:

Slope!Factor lb K=cos(%)!"!sin(%)!/!& 0.82

Weight!required!for!lift lb DL!=WL!/(0.6!cos(%)) 7301

Weight!required!for!drag lb DD!=DMIN!"!DL 3213

Minimum!weight!required lb DMIN!=!!WD!/(0.6#&#K)!+!WL!/(0.6#K) 10514

Ballast:

Minimum!ballast!required lb BMIN!!=!DMIN!"!D 5608

Number!of!Type!I!ballast!pans NI 20 20

Number!of!Type!II!ballast!pans NII 22 22

Number!of!Type!III!ballast!pans NIII

Total!number!of!ballast!pans N!=!'Ni 42 42

Ballast!weight lb BT!=!'Ni#WBPi 8326 8326

Total!weight lb DT!=!D!+!BT 13233 13233
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Dist.!Weight!/!pfa psf wsa!=!DT!/!pfa 6.82 6.82
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HIGH PERFORMANCE 

SOLAR MODULES

rec PEAK 
ENERGY (BLK) 
SERIES
REC Peak Energy (PE)-Series modules 
are the perfect choice for building solar 
systems that combine long lasting 
product quality with reliable power 
output. 

ENERGY PAYBACK  
TIME OF ONE YEAR

ROBUST AND 
DURABLE DESIGN

MORE POWER  
PER FT2

US-PRODUCED  
SILICON



REC PEAK ENERGY (BLK) SERIES

REC Solar US LLC
PO Box 3416
San Luis Obispo, CA 93403
USA

www.recgroup.com

IV CHARACTERISTICS 235W MODULE

Note! Specifications subject to change without notice.

VOLTAGE (V)

14.2 EFFICIENCY

63 MONTHS WORKMANSHIP WARRANTY

25 YEAR POWER OUTPUT WARRANTY

Ju
ly
  2
0
1
0
, v
er
si
on
  E

Mounting holes

GENERAL DATA

WARRANTY

MAXIMUM RATINGS

TEMPERATURE RATINGS  (235 W RATED MODULE)

MECHANICAL DATACERTIFICATION

Operational Temperature -40 ... +80°C
Maximum System Voltage 600V
Design Load (UL1703)  75.2 lbs/]2 (3600Pa)
Maximum Load (IEC 61215) 551 kg/m2  (5400 Pa)
Maximum Wind Speed 122 mph (safety factor 3)
Max Series Fuse Rating 15A
Max Reverse Current 15A

Nominal Operating Cell Temperature (NOCT)  47.9 °C (±2°C)
Temperature Coefficient of P

MPP 
 -0.46 %/°C

Temperature Coefficient of V
OC

 -0.32 %/ °C
Temperature Coefficient of I

SC
  0.011 %/ °C

10 years  limited warranty of 90% power output   
25 years  limited warranty of 80% power output 
63 months  workmanship warranty  

Dimensions 65.55 x 39.02 x 1.5 in
Area 17.76 ]2

Weight 39.6 lbs

Cell Type  60 REC PE multi-crystalline cells
 3 strings of 20 cells - 3 by-pass diodes

Glass High-transparency solar glass with
  antireflection surface treatment  
 by Sunarc Technology

Back sheet  Double layer
 high performance polyester

Frame  Black anodized aluminium

Cable Radox 4 mm2 solar cables 
 35 in +47 in

Connector Radox 4mm2 twist locking connector

ELECTRICAL DATA @ STC REC215PE
(BLK)

REC220PE
(BLK)

REC225PE
(BLK)

REC230PE
(BLK)

REC235PE
(BLK)

REC24OPE
(BLK)

Peak Power Wass - P
MAX

 (Wp)  215 220 225 230 235 240

Was Class Tolerance - P
TOL

 (W) 0/+5 0/+5 0/+5 0/+5 0/+5 0/+5

Was Class Tolerance - P
TOL

(%)  0/+2 0/+2 0/+2 0/+2 0/+2 0/+2

Maximum Power Voltage - V
MPP 

(V)  2 8 . 3 2 8 .7 2 9.1 2 9.4 2 9. 8 3 0.4

Maximum Power Current - I
MPP 

(A) 7.6 7.7 7.7 7. 8 7. 9 7. 9

Open Circuit Voltage - V
OC

 (V) 36.3 36.6 36.8 37.1 37.4 37.7

Short Circuit Current - I
SC

(A)  8.1 8.2 8.2 8.3 8.3 8.4

Module Efficiency (%)  13.0 13.3 13.6 13.9 14.2 14.5

Values at Standard Test Conditions STC (Air Mass AM 1.5, Irradiance 1000 W/m2, Cell temperature 25 °C)

Certified according to UL1703, 
IEC 61215 and IEC 61730 
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REC is a leading vertically integrated player in the solar energy industry. REC is among the world's 
largest producers of polysilicon and wafers for solar applications, and a rapidly growing 
manufacturer of solar cells and modules. REC is also engaged in project development activities in 
selected PV segments. Founded in Norway, REC is an international solar company, employing 
more than 4,000 people worldwide. REC had revenues in excess of NOK 9 billion in 2009, 
approximately EUR 1 billion and approximately USD 1.4 billion.
 
Please visit www.recgroup.com

6
5
.5
5
”

39.02”

1
5
.0
6
”

3
5
.4
3
”

37.40”

0.67”

1
.7
7
”

G
R

G
R

G
R

G
R

1.5”

-

+

0.24”

0.30”

0
.4
7
”






